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liTt?LUENCE OF TAIL IENGTE UPON THE SPIN-RECOVERY

CHARACTERISTICS CIl?A TRAINER-TYPE+CRPLANE MOIEL ‘

By Walter J. k end ThmRs L. Snyder

An investigation has been conducted to detemine the effect of tail
length on the spin end recovery characteristics of a model typical of a
trainer-type airplane. The model used in the investigation was tested
with two tail lengths, and the model having the shorter tail length was
tested with several.ventral fins installed in order to improve its recovezy
characteristics.

The investigation showed that the mmiel with the longer tail length
had the better recove~rycharacteristics even when the short-tail model
had comjprable or even hi@er velues of tail-bnping power factor.

INTRODUCTION

Reference 1 presents a methti for designing en airplene for satis-
factory spin recovery baaed upon an empb?ical relationship between a tail-
damping power factor end relative density md mass distribution. Results
of recent investigations in the Langley 20-foot free-spbning tunnel have
indicated that tail length may haie a greater influence on the spin-
recovery characteristics of airplanes than is usually indicated by the
tti-a~hg power factor. The present investigation was undertaken to ‘
obtain further information on the effect of tail length. The model used
for the investigationwas considered representative of a typical single-
engine trainer-tyye airplane with regerd to both dimensional and mass
characteristics. Two values of tail length and several values of tail-
demping power factor were investigated. Erect spins only were tested.

SYMBOLS

tail length, distance from center of gravity to
rudder hinge line, feet
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Ix, Iy, Iz

Ix - Iy

*2

Iy - IZ
~

12 - Ix

nb2

$-l.

wing area, squaxe feet

mean aerodynamic chord of wing, feet

ratio of distance of center of gravity rearwanl.of
lea&lng edge of mean aerodynamic chord of wing
to mean aerodynamic chord of wing

ratio of dist~ce between center of gravity end fuse-
lage reference 13ne to mean aerodynamic chord of
wing (positive when center of gravity is
below fuselage reference line)

mass of Wrplme, slugs ,

mments of inertia about X Y, ad Z body axes,
$respectively, slug-feet

inertia

inertia

inertia

y-~nt pmmeter

.

rollgwmnent ~arme ter

pitc~mment parmeter

air density, slug per chic foot

Hrelative density of airplane ~~

angle between fuselage reference line @vertical
(approdmately equal.to absolute value of angle
of attack at plane of symnetry), degrees

angle between span ads and horizontal, degrees

full-scale true rate of descent, feet per second

fall-scale angular velocity about sptn axis, revolutions
par second

.
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URvc

tail-damping ratio (fig. 1 of reference 1)

unshielded rudder volume coefficient (fig. 1
of reference 1)

tail-damping power factor (fig. 1 of ref-
erence 1)

APPARATm Am METHOIE

Mdel

The mdel used for the investigation was arbitrarily considered,to be

l-sc~e fiel of a typical trsiner airplane, and the dimensional
‘Z
characteristics of the corresponding full-scale airplane are given in
table I. Figure 1 is a three-view drawing of the model with the long t-hil
length. The long and short tail lengths investigated ere shown in
figure 2. When the tail length was decreased, the horizontal tail was
raised and a O .’jO-inchventrsl fin waa added in order to msintain
approximately the same values of tail-d

7
ing ratio and unshielded rudder

volume coefficient (fig. 1 of reference 1 for both the long md short tail
lengths. (See table II.) The three ventral fins investigated on the
model having the short tail length are shown in figure 3.

The model waa ballasted with lead.wei@ts to obtain dynamic similar-
ity to.the corresponding airpl~e at an eltitude of 10,000 feet
(p = 0.001756 Slug/CU ft). A remote-control mechanism was jnstal.led
In the mdel to actuate the rudder snd elevator for recovery tests.
Sufficient hinge muments were applied to the controls during recovery
atteqts to reverse them fully md rapidly.

Wind Tunnel snd Testtig Technique

The tests were performed in the Langley 20-foob f~e-spu
tumnel, the operaticm of which is,,in general, similar to that described
in reference 2 for the 15-foot free-spmng tunnel except that the
model-launch- techn3que has been changed. With the controls set in the
desired position the model is now launched by hand with rotation into the
vertically rising air streem. After a number of turns, the nmdel assumes
its spin attitude and is maintained at a specified level in the tunnel by
ad~usting the airspeed so that the rate of descent of the model corres-
ponds to the velacity of the vertically rising air stream. The model is

shown spinning in the Iangley !20-foot free-spinnb.g tunnel in figure’4.

/
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After a nuriiberof turns in the established spin, a recovery attempt is
made ly mo~ing one or more controls ly ~ans of a ~mte<ontrol
mechanism. After{recovery, the model dives or glides into a safety net.
The spin data obtained from the tests are then converted to corresponding
full-scale values hy methods described in reference 2.

In accordance with stanilaml.spin-tunnel procedure, tests were per-
fomned to dete~ the spin and recovery characteristics for the normal
control configuration for spinning (elevator full up, ailerons neutral,
and rudder full with the spti) and for other aileron-elevator cotiinations
including neutral and maximm settings of the control surfaces for
various model conditions. Recoveq was generally attempted by reversal
of the rudder from full with the spin to full against the spin. Tests
were 00 performed to determine the effect of small vaiations in con-
trol deflections on recoveries from the normal spin control configuration.
For these tests, the elevator was set at only two-thirds full up and the
ailerons were set at one-thimi of the full deflection in the direction
conducive to slower recoveries (ailenms against the spin for this model).
Recovery from this spin was attempted by reversing the rudder from full
with to two-thirds against the spin either alone or h conjunction with
moving the elevator to one-third down. This control configuration and
movement of the controls iS refereed to herein as the “criterion spin”.
The turns for reco~ery were measured fmm the time the contrda were
moved until the spinning rotation ceased. The c@terion for a satis-
factory recove~ from a spin in the spin tumnel has been adopted as

2~turns or kms based primarily on the loss of altitude of the airplane

durhg the recoverg end subsequent dive.

For spins which have a rate of descent in excess of that which can
be readily attained in the tunnel, the rate of descent is recorded as
greater than the velocity at the time that the model hits the safety
net; for exsmple, > 300 feet per second. For these tests, the recovery
recorded is somewhat consenative inasmuch as recovery is generally .
attempted before the model reaches its final steep attitude and while
the model is still descending in the tunnel.

PRECISION

The model test results presented are lelieved to be the true values
given by the model within the followjng limits:

a, degrees. . . . . . . . . . . . . . . . . . . . . . . . . . . . . *1
~, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . ..+1
V,percent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . *5
Q,percent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . *2 -

Turns for recovery:
f~mfi~rccor&; . . . , . . . . . . . . . . . ~1/4
visually. . . . . . . . . . . . . . . . . . . . . f1/2

— ————-—- . -— .——-——- —,.~ ~,... . . ..- : ., ..: .,
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The preceding limits
which it was difficult to

5’

mayhave been exceeded.for certati spins in
control the model in the tuonel lecawe of the

high rate of descent or because of the wander~ nature of the spin.

Comparieonletwemn model ~a airplane spin results (references2
and 3) Indicates that sytn-tunnel results are no+ always in compbte
agreement with airplane spti results. In general, the modeh spun at a
somewhat smaller angle of attack, at a somewhat higher rate of descentj
end with ~“ to I-O”more outward sideslip than did the corresponding air-
planes. The comparison ~de in reference 2 for 21 airplanes showed that
approxhately @ percent of the model recovery tests ~redicted satis-
factorily the corresponding airplane recovery characteristics smd that
approxhately 10 percent overestimated and approximately 10 yercent
underestimated the airplane recovery characteristics.

Because of the impracticabilityof ballasting the model exactly and
because of inadvertent damage to the model durhg tests, the weight and
mass distribution of the model varied within the following limits:

Weight,percent. . . . . . . . . . . . . . . . . . . . . 0 to 1 high
Center-f-gravity location, yercent Z . . . . . . . . . 0 to 1 rearwsxd

Moments of inertia:
IX,percent .. . . . . . . . . . . . . . . . . . . . llowto8high
Iy,percent . . . . . . . . . . . . . . . . . . . . . .Otolhigh

IZ,percent . . . . . . . . . . . . . . . . . . . . . . 0t04high

The mea&ement of the mass characteristicswere made within the
following limits of accuracy:

Weight,percent. . . . . . . . . . . . . . . . . . . . . . . . . . tl
Center of gravity, percent Z . . ... . . . . . . . . . . . . . . . . +1
Mmentso finertiajpercent . . . . . . . . . . . . . ... . . ..*5

The controb were ad wtth an accuracy of SO.

maim

TESTCONTIITIOI?S
*

Talle 11 13.ststhe various configurations tested on the model. The
characteristics and inertia parameters for the normal loading

condition tested for each model configuration are listed in table III.
The inertia parameters are ~o plotted h figure ~. As discusmd in
reference 4, plots of these parameters canle used in predicti~ the
relative effectiveness of the controk on the recovery characteristics
of the airplane.

.
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The normal maximum control deflections used”were:

Rudder, degrees .
Elevator, degrees
Ailerons, degrees

● ✎ ...0 . . . ..-. . ...0 sO.right, 30 left
. . . . . . . . . . . . . . . . . . 30 IQ, 10 down
.. 0.0. ● . . . . . . . . . . . 19 q), 19 down

RESUEE AND DISCUSSION

The results of the model teats me presented in charts 1 and 2.
The results for lefi and right spiresw6re generally similar and are ,
arbitrarily presented in terms of equivalent right spins. Data
are ~resented in te~ of w-sc@.e values at an altitude of
10,000 feet.

The data yresented in chart 1 show the effect of varying the tail
- of the fuselage. It is apparent from the data presented in the

chart that the model with the short tail length
($= 004’) d ‘b

O.~ -inch ventral fin instal.lmdhad unsatisfacto& reco&y character-
istics based on the “criterion spin”, whereas the nmd.elwith the long

‘ii’ btih ($= “ )
O 53 elhilited excellent recove~ characteristics.

The tail-&m&g poT& factor for these two configurationswas approxi-
mately the same (tall-efi). Adding larger ventral fins tmprcmed the
recoven characteristics of the short-tail-lengthuiiel (chart 2) and
when the 1.00-inch ventral fin waa installed, the recovery characteristics
of the model were considered to %e satisfactory. It is of interest to
note that the over-all recovery characteristics of the long-tail-length

mpiel (TDPF = 3 5 x D ‘6) were better than the recovery character-
Zistics of the s ort-tail-le

7

h model with the l.00-inch ventral fin
imtkued (! = 517x lo- , even though the long-tail-lengthmodel “
had a lower value of tail-demping power factor.

The results of the investigation indicate that the damping in the
spin increased as the tail became further removed fl’omthe wing. For

the short-tail-lengthmodel,.. ($= 0“41) ‘b “etiicd ‘1 d ‘b ‘e-=’
portion of the fuselage may have been somewhat shielded by the w3ng during
the spin, but when the tail length w increased a greater part of the
tail may have become exposed to the air strmm and thus have become nmre
effective in damping out the syti rotation. b addition, th& extra fuselage
side area added when the tail tiaces were mxed rearward probably con-
tribtied toward ~roving the @n-recovery characteristics as haa been
indicated by the work of W. ‘lyeand S. T. Fagg in Ih@and.

— _— - . ..— .— .——,., -.— — ---———.. . . .. :,,. ,-,
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CONCLUSIONS

Based on the results of the investigation, tie following conclusions
are made:

1. The recwery characteristics of m airplme may he influenced
by the airplane tail length to a greater extent than is indicated by the
value of the tail-damping pwer factor.

2. An increaae in tail length offers a more effective means of
improving the spin-recmery characteristics than an addition of ventral-
fin srea.

Langley Aeronautical Laboratory
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Langley Field, Va., October 4, 1948
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TABLE 1.-FUIGSOAKE DIMENSIONAL~CS OF THE

Over-eU.length,.ft:
Lang tall la@h .
Short tail length .

. . . . . . . . . . . . . . . . . . .0. . 31.6

. . . . . . . . . . . . . . . . . . . . . . 26.7

. . ...* . ...*. . . ...* ● ✎ ✎ ✎ 41.6

. . . . . . . . . . . . . ...** . . . . 236.0

. . . . . . . ...0. . . ...0 . . . . 7.4

. . . . . . . . . . . . . . . . . . .*. * @●9
chord.. . . . . . . . . . 0.0...... 70.7
. . . . . . . . . . . . . . . . . . . . . . 47.0
tipchora, root chord) . . . . . . ...0 0.2

wing:
~, ft.....
Area, qft . . . .
AEpect ratio . . .
chord, in.

mot. . . . . .
Mean aeroaynsmic
Tip (dSSi@l) . .

Taperratio(desiga
Iocationof meanaerodynsmiachord,in.

LealtlngedgeofE~~of~* -Of-tchofi” “ 4“8
~aaingedgOOfF~~c~ter ~of~e@3e ● ● ● ● ● ● ~“9

Angleof 3nci&3nce,deg
Root ● 3.00
Me=-: itik: ::::::: ::::::::::” 1.21
Tip . . . . . . . . . . . . . . . . . . . . . . . . . ...-1.00

AngleOf gemetric dihedral(h wingrofemnoeplane),&g . . 5.00
aof~epback(at~-e~ of~],~=..””.. 2.50
Airfoilsecticm

Root . . . . . . . . . . . . . . ...0..... . . NACA 2416
Tip . . . . . . . . . . . . . . . . . . . . . . . . . NACA 4409

Allf3rons:
Area (bothailerons),sq f% \

ll?o ~ . . . . . . . . . . . . . . . . . . . . . . . . . 20.9
Reerwardofhinge Mne . . . . . . . . . . . . . . . . ...15.9

mm, in. . . . . . . . . . . . . . . . . . . . . . . . . . ..108.o

Ibrizontaltail surfaces:
Area, w ft

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . 47.38
Elevatmr

Total . . . . . . . . . . . . . . . . . . . . . . . . ...20.08
Rearwsrdofhlnge13m3 . . . ... . . . . . . . . . . . ...17.02

Splm, ft . . . . . . . . . . . . . . * * . ...**..* .. 13.17
Distancefrom centerof gravityto elevatorMnge Une, in:

Iongtsil bngth . . . . . . . . . . . . . . . . . . . . ..252.’7
Shorttalllengt h...... . . . . . . . . . . . . . . . 194●2

Verticsltail surfaces:
Total area, si ft...... . . . . . . . . . . . . . . . ..20.9’7
Rudder

Tota l . . . . . . . . . . . . . . . . . . . . ...*. w 12.~
Warward ofldngeltne. . . . . . . . . . . . . s . . . .. M.57

Span, ft . . . . . . . . . . . .*.****.****=** .6.06
DistanceMm centerof gravi~ to rudder ldnge Mne, in.

Mgtailbgth... . . . . . . . . . . . . . . . . . .. 266*4
Short tall length . . . . . . . . . . . . . . . . . . ...207.9

T

.
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bmh of tihlelded
wllltral Data Tall @- ruddar

Tail-dmq -

Tail kmgth ; premntsd lng ratio
ing power

(&p) on
volume

(referenw 1) Ooeffloiwlt ~mf:fg ~
● (fig. 1 of

reference 1)

0.53 None Chertl 0.0263 0 .Oly) 395 x 10-6

mm-t .41 O*9 Chm’tl .0261 .0160 418

mOrt .41 o.~ chart 2 .0293 .OU$O 469
.

short *4L 1,00 Ohert 2 .0323 .Ola .517
(
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TABLEIII. -M A9SO HmMmmmIoo m ImEKru PARAMmQH TKmEo OH Mm

[kid values m presented in tem d full-male value..
1

.

AirplEa10 Oenter-of -
Ik3pth relatlve gravity Ihk3nte of tirtia

of &mEity, l.! location (dng-feetp)
hertia permmtera

oonfig - Tell Ventmal weight
uration length fin (lb)

(in.)
S38 10,OCQ

Ix - Iy Iy - ~z 12 - Ix

level feet
X/z 2/6 IX Iy IZ

I& I& EllF

1 mne 13436 11.2 15.1 0.2750.021 41939397 12,g79 -115x 10-4 -~ x lo~ lg4 x lo~
* ?
0.9

.’

2 2hort .75t @Al 1.1.215.2 .* .OI.64og5 9303 12,8p -U.5 -79 lg4
1.00
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~eoovory attampted frm .rd stmdy-npb &ta pmsmtd for rudder-full-with spire J moovery ●ttempted by foil rdbr
raveraal unless Othm-wi8e indloateif right m-act splm]
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6d
1, 1 R
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,sOOOflgUratlm 2 with0.5-in,h ventral fin
(table III and fig. 5 )
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49 2“

170 0.44 211 O.w

d) 5 ~ l?, 2$

El
%del W.ndem .
%@.over attmptcd by wring the redder from till wibh tbn I

Ifs&l mluee

ispin 0 2/3 Waiwt tbn Cpin.
aonverted to

Qvilvaleetlmde.
mmnnpondlrrg

‘Artar rec.avw fmu thn meat epin, the del mtcr- an invmtti spin.
Il&l-main Valllm.

%oov.ry attnpted by ml.uultmnouol~ ravmair# the rudder frm full with the

U inner wing up

epin ta 2/’j againot the spin and the elavator from 2/3 up to I/j dmm,

D +%&=

!3
F1

(d-g) (a%)

(;. ) G)
Turn8 for
rmomrg



CEART 2.- 2TFT&i” OF VEl~RAL FIG9 OH Ti3B 9FIH ?.hD t7&C0VERY CIL4MCTM19TIC3 OF THE KODEL

@’iguratian 2 ( table 111 awl fiE.
.eoo,ery .ttoqted ~}~~vem attOmptad fim ~~ ~t~d~-.pin data p....td r.,Wddm..ftik.,,k! ,Pimjrudder romraal unlead other? no irilloet.ad; ri@t moot 8P1u8]

P
ro

o.~-lmh ventrnf fin ingtallad
+: = 0.0+

O.n h-l..

El
@l ,10

176 ok+

2, .2

NO typm or spin

=-J$$lRl
II

I I I t~ aator Ly-j ‘JP t’

(Sti’ak left)

I J

3
65 IU

170 .59

5> 5

n-l

U
%i+,“!2 B

I
I

I ! I

%%e~!&t.d bT moring the tier frcm full vitb tha BPin to 2/3
aralnet the mill.

Wiiial Ootinnte.
dime,. q attmpted b

‘ ‘--””’% .1.=* fmm 2/3 . to l~dmni *
mwrchg tie mdaer * full with *

spin 0 2/3 Egainat the npin a
%loao,ery atteapted by nimJltanenu04 FUVU?Si.J12 the rudder h fu

spin to 2/3 againa$ the 8pln ud the elevator from full up to lfi down.

,@J-imh vantral fin imtalled + ;. 0.41+

\ I

L,
r

3mlrl

Two t or

tilwT1-FH
n

323 4D

259 0.62

i

Model dam

O.mvertcd to

00mwpmding
full-male tiues.

U lnnor ring up
D innur w- dm

B
El

(d% (&)

(A (mm)

mmn ror

rswrery
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F 8.76 U-I

Ei@ofor htnge iim~

1404

Aderm hinge line ~

25--rcen+ -
Ctmrci line

?’
.58”

L
L7Z”

t

II

p-L

i
‘5 ‘cj}hedml

Fuselagerderence?
I{ne

Fi–& l-.~ Three-view drawing of model with long tail length as testes
in the Langley 20-foot free-spinnhg tunnel. Center of gravity
at 27.7 pe~cent mean aerodynamic chord.

.
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.

L
4.85 “- —“”’’”~w ~,

.—-— —

Fi.gure2.- Comparison of the long and short tail lengths tested on
the mdel. Center of gmavity at 27.5 @roent mean aerodynamic
chord .

Figure 3.- Slze and looatim of ventral fti tested on model with short”
tail length installed.

.
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l?@re 4.- Yhotograph of the model spindng in the Langley 20-foot
free-spin tumnel.
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,
0 Gn77gurqfion i
El con f/gL/r@#-/of) 2.

o -* -m -/20 +60 -2C0 -2W -2$ox/’io-4

Iy. q %la+ive mass distribution, -

mb2 increased ~long the wings

Fi@re 5.- Inertia mass lprame ters for vaxious model configura.tlms
tested. (Loadings listed h table III.) .
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